Charts of nine patients with Ducherme and one with Becker's muscular dystrophy who had undergone spinal fusion and Harrington rod insertion for seoliosis were reviewed retrospectively. The mean age was 15 years and mean angle of scoliosis was 69 degrees. Preoperative pulmonary function studies showed a restrictive defect with a mean vital capacity of 1.3 -0.69 litres, 35 ---20 per cent of predicted value, 33 -+ 20 ml.kg -j and a mean inspiratory capacity of 0.99 -.+ 0.5 litres, 23 + 13 ml.kg -~. There were no anaesthetic complications during operation and obstructive cardiomyopathy, hyperpyrexia, hyperkalaemia and rhabdomyolysis were not problems. Succinylcholine was avoided. One patient developed an arrhythmia postoperatively and one patient whose postoperative problems included tracheostomy, pneumonia and sepsis could not be weaned from the ventilator and died 11 weeks after operation. As assessing risk and survival of the operation depends on objective pulmonary function, a vital capacity of at least 20 ml.kg -l in the range of 30 per cent of predicted volume with an inspiratory capacity of at least 15 ml .kg -~ would appear to be adequate in patients with muscular dystrophy requiring Harrington rod insertion. Other factors including the rapidity of progression of the muscular disease, other respiratory and cardiovascular problems, and disease such as obesity should also be considered.
presenting with slow motor development, waddling gait, difficulty in climbing stairs and hypertrophy of calf muscles. The term "pseudohypertrophy" is used and although initially hypertrophied muscles have considerable strength, they are later weak due to fatty infiltration. Ambulation is usually impossible by age 12 and death occurs before age 20 in 75 per cent of patients due to restrictive respiratory failure, heart involvement or aspiration pneumonitis. 3 Becker's muscular dystrophy is similar to the Ducherme type but less severe.
Anaesthetic considerations in patients with Duchenne muscular dystrophy include respiratory weakness with resultant alveolar hypoventilation, microatelectasis and restrictive respiratory failure, decreased ability to cough and the possibility of aspiration, obstructive eardiomyopathy, tachycardias, hyperpyrexia usually not developing into malignant hyperthermia, hyperkalaemia and rhabdomyolysis. 4'5 Coupled with these are the problems relating to scoliosis: ventilation-perfusion inhomogeneity, malformation or an acquired defect of the respiratory centers in conjunction with increased work of breathing, and pulmonary hypertension and cor pulmonale. ~ 250 We present a review of 10 patients with muscular dystrophy who had spinal fusion and Harrington rod insertion at Montreal Children's Hospital, and a discussion of the anaesthetic problems.
SUBJECTS AND METHODS
Charts of nine patients with Duchenne muscular dystrophy and one with Becker's muscular dystrophy who had undergone spinal fusion and Harrington rod insertion were reviewed retrospectively. Operations were done during the period July 1979 to February 1981. All patients were male with age ranging from 10-23, with a mean of 15 years. The mean weight was 47 ---14kg.
RESULTS
The mean Cobb angle (-+ SD) of scoliosis determined by radiological measurement was 69 ---22 degrees. (The Cobb angle is the angle of transection between a line drawn perpendicular to the upper margin of the vertebra which inclines most toward the concavity and a line drawn on the inferior border of the lower vertebra with the greatest angulation towards the concavity.)
Preoperative pulmonary function flow rates were determined in nine patients and static lung volumes were studied in six (Table I) . Results of pulmonary function studies were compatible with a restrictive defect. Lung volumes were low with vital capacity (VC) being greatly reduced (mean 35 per cent of predicted values range 12-68 per cent) with preservation of residual volume. Dynamic studies showed a decrease in forced vital capacity (FVC) and forced expiratory volume first second (FEV1) which was consistent with a reduction in VC.
Only one patient showed evidence of cor pulmonale, with evidence of right ventricular hypertrophy on ECG and echocardiography.
General anaesthesia was induced with thiopentone in nine patients and with fentanyl, droperidol and diazepam in one. An electrocardiograph, nasopharyngeal temperature probe and oesophageal stethoscope were used to monitor cardiac activity, temperature, heart sounds and ventilation. Two wide bore intravenous cannulae were inserted for fluid administration and a radial artery was cannulated for continuous blood pressure monitoring. Patients were placed prone on the operating table over a Relton frame, with pressure on the abdomen avoided.
Anaesthesia was maintained with nitrous oxide and fentanyl in four cases, with nitrous oxide, fentanyl and halothane in four and with halothane and nitrous oxide in two, with controlled ventilation. Either pancuronium or tubocurarine was used for muscle relaxation. Succinylcholine was avoided in all cases. One patient had had previous dental surgery under general anaesthesia with thiopentone, succinylcholine and halothane with no sequelae. Hypotension induced with sodium nitroprusside was used in five patients.
Intraoperative arterial blood gases demonstrated no hypoxaemia or carbon dioxide reten-tion. No tachyarrhythmias were noted during operation, although one patient had persistent bigeminy in the recovery room, which was treated with lidocaine. This patient had also had an episode of supraventicular tachycardia after a hamstring release, and one other patient had supraventricular tachycardia after a previous anaesthetic.
Blood replacement averaged 3,140 ml or 96 per cent of the estimated blood volume.
There were no episodes of hyperpyrexia or rhabdomyolysis. (Rhabdomyolysis is destruction of skeletal muscle as evidenced by myoglobinaemia and myoglobinuria.) All patients were given neostigmine and atropine to reverse muscle paralysis at the end of the procedure. In all patients but one the trachea was extubated at the end of the operation and no ventilatory assistance was required as assessed by arterial blood gases and clinical evaluation. This one patient required prolonged ventilation due to carbon dioxide retention and post-operative problems included the need for tracheostomy, bilateral lower lobe pneumonia, right pleural effusion, urinary tract infection, and sepsis. Attempts at weaning with intermittent mandatory ventilation failed, and he died 11 weeks after operation. This patient was known to be at high risk before operation because of his progressive disease, obesity, a VC of 0.55 litre (12 per cent of predicted, 8.5 ml.kg-~), and IC of 0.36 litre (5.5 ml'kg-~). However, it was felt that the risk was warranted as the operation might have enabled him to sit up and would facilitate his care, as he had been confined to bed.
DISCUSSION
The specific considerations relating to Duchenne muscular dystrophy and anaesthesia concern obstructive cardiomyopathy, hyperpyrexia, hyperkalaemia and rhabdomyolysis. These were not a problem in this series. The avoidance of succinylcholine no doubt prevented the occurrence of rhabdomyolysis and hyperkalaemia. Only one patient developed an arrhythmia after Harrington rod insertion, although two patients had had previous episodes of supraventricular tachycardia after general anaesthesia for other surgical procedures.
The major problem in patients with muscular dystrophy and scoliosis undergoing spinal fusion and Hamngton rod instrumentation is the combined effect on respiratory function of a disease which causes progressive weakness of respiratory muscles and of a disorder of the thoracic cage. Respiratory weakness due to Duchenne muscular dystrophy leads to restrictive respiratory failure, which may not be recognized due to inactivity before operation, and to a decreased ability to cough, which may lead to retention of secretions, atelectasis and pneumonia.
While patients with idiopathic scoliosis with a deformity of less than 70" usually have an asymptomatic cardiorespiratory status, 6 the changes in lung function caused by more severe scoliosis include reduction in lung volume, increase in the work of breathing, and abnormal ventilation-perfusion ratios with hypoxaemia, followed later by carbon dioxide retention, pulmonary hypertension, cor pulmonale and respiratory acidosis. 7 We are thus faced with the problem of assessing risk in these patients and ensuring that they are in optimum condition before operation. A history of rapid progression of the muscular disease, pulmonary complications such as recurring pneumonia, and shortness of breath which may be difficult to quantify due to the patient's low level of activity, would increase risk. Physical examination should focus on the abnormalities of the respiratory and cardiovascular systems, assessing chest expansion, use of accessory muscles, and evidence of cor pulmonale. Auscultation during forced expiration and cough may be helpful. 8 A chest x-ray and arterial blood gas analysis should be done preoperatively. Evidence of hypoxaemia and carbon dioxide retention indicate increased risk and suggest the need for post-operative ventilation, as patients with restrictive disease do not retain carbon dioxide until they are on the brink of deeompensation, a
The minimum requirements of objective pulmonary function to warrant operation in these patients are difficult to define, especially considering that there is progressive muscular disease, life expectancy is limited, and the physiological benefit of spinal fusion may be much less obvious than the anatomical improvement of the spinal curvature. 9 However, the fusion may afford the patient a better quality of life by enabling him to sit up in a wheelchair, bringing the pelvis into a more horizontal plane for more comfortable sitting, and lengthening the trunk to allow greater diaphragmatic excursion.
The VC appears to be the most iml?ortant single measurement that can be obtained' and a FVC of less than 20 rnl/kg l~ indicates increased risk and the need for post-operative ventilation.
Froese has outlined the importance of the IC, which she terms "usable VC", when trying to predict the ability to breath post-operatively. She states that even with perfectly normal lungs it is rare for a person to sustain ventilation for prolonged periods and to clear secretions with an IC of less than 15 ml/kg, s A VC of less than 50 per cent of predicted volume may also be expected to increase risk. 11 Robin has reported on a series of seven patients with Duchenne muscular dystrophy requiring spinal fusion and Harrington rod instrumentation and stated that there were no respiratory complications of significance, although he did not report on pulmonary function. ]2 In another series patients were admitted to hospital for evaluation if the VC was greater than 30 per cent of predicted volume and in 10 patients operated on (mean VC 47 per cent) the duration of tracheal intubation varied from 0-17 days, with most from 0-3 days. Post-operatively one patient had three episodes of cardiopulmonary arrest from which he was resuscitated, and another developed pneumonia. ~ The patient who died in our series required prolonged mechanical ventilation and could not be weaned with intermittent mandatory ventilation. This patient had a VC of 0.55 litre (12 per cent predicted, 8.5 ml.kg -l) and an IC of 0.36 litre (5.5 ml.kg -]) and was known to be a high risk. However, it was felt that since the operation would enable him to sit up, it should be done. On the other hand, another patient with a VC of 1.04 litres (19 per cent of predicted 16.7 ml.kg -i) and an IC of 0.83 litre (13.3ml-kg -z) had no respiratory difficulties.
Therefore it would appear that a VC of at least 20 ml.kg -l and an IC of at least 15 ml.kg -I would be adequate for patients with muscular dystrophy undergoing spinal fusion. Of the six patients in whom the VC was determined (range 12-68 per cent of predicted), one had a value of 19 per cent and two had values of 32 per cent of predicted volumes. These patients did not require ventilatory assistance. Thus the minimum percentage of the predicted vital capacity would seem to be in the range of 30 per cent. These objective measurements have to be considered along with many other factors including the rapidity of progression of the muscular weakness, other respiratory and cardiovascular complications and problems such as obesity before an accurate assessment of risk can be made. In addition, patients should be in optimum condition before operation, with antibiotic therapy for purulent sputum, mobilization of secretions by chest physiotherapy, and should have sufficient motivation.
